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1. Introduction
▼Genotype analysis of archaeological human remains us-
ing short tandem repeat (STR) loci has become an important
source of anthropological information (Ref. 1, 2) by means
of the reconstruction of kinship (Ref. 3, 4) or palaeopop-
ulation genetics (Ref. 5, 6). The reproducibility of STR-
genotype analysis of such highly degraded or ancient DNA
can be reduced by the generation of artefacts (Ref. 7–9) dur-
ing PCR amplification (Ref. 10–12), especially if the ancient
DNA extracts contain low quantities of severely degraded
DNA.
When amplifying low target quantities, stochastic vari-
ation in the amplification of individual alleles can lead to
the dropout of one allele, resulting in false homozygous
genotyping of a heterozygous sample (Ref. 8). A further
artefact, which is intrinsic to the amplification of repeti-
tive sequences, is the generation of so-called shadow bands
(Ref. 7). In ancient DNA amplifications, these byproducts
can exceed the peak height or band intensity of the allele
product, resulting in seemingly different genotypes (Ref.
13) for amplification products of the same sample (Ref. 11,
14).
Allelic dropout is a stochastic phenomenon (Ref. 8). Its
effect on the reproducibility of STR genotyping can be re-
duced to a minimum by analysing multiple amplifications
for each sample and locus investigated (Ref. 11). The anal-
ysis of, for example, five PCR products of the same sample
reduces the probability of false homozygous typing to a
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minimum of (p = 0.008) (Ref. 11). This kind of strategy is
laborious and does not completely eliminate allelic dropout
or the obstacles of shadow bands.
The degree to which these two artefacts occur is related
to the quantity and quality of the extracted DNA (Ref. 8,
12, 15). Therefore, the optimization of DNA extraction (to
get the most target DNA at the best possible quality) is an
important strategy for increasing the reproducibility of STR
genotyping of samples containing degraded DNA.
Based upon a standard protocol for the extraction of an-
cient DNA from archaeological human bone (Ref. 16), op-
timized protocols were developed by serial variation of key
parameters for the extraction of ancient DNA with different
degrees of degradation. Thematerial chosen for this investi-
gation consisted of ancient human bone samples contain-
ing DNA in different states of preservation (for details of
this investigation, see Ref. 17–19).
The success of the optimization was scrutinized by PCR
amplification of the two STR loci HUMVWA31/A (Ref.
20) and HUMTH01 (Ref. 21) followed by fragment length
detection. Extracts were evaluated by comparing general
amplification rates, the occurrence of allelic dropout, the
intensity of shadow bands and the resulting reproducibility
of genotyping results. Supplementary data for the evalua-
tion of extracts were generated by UV spectral photometry
to compare the DNA concentrations (Ref. 22) and the purity
of the extracts (Ref. 23), and by agarose gel electrophoresis
to compare the amount and the degree of degradation of
DNA in different extracts.
The protocol presented here is one result of this op-
timization attempt and represents a consensus protocol
for the extraction of a broad range of ancient DNA
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Fig. 1. Comparison of two standard and two optimized extracts from the same sample on the STR locus HUMVWA31/A. Compared with products
amplified from extracts prepared by the standard protocol, products of optimized extracts of the same sample, amplified under identical conditions within
the same run, show higher intensities of specific products. This indicates that there is a higher concentration of amplifiable DNA targets in the optimized
extracts. In addition to this, the increased amplification success observed with the optimized extracts indicates an increase in quality of the DNA
extracted, because – as well as the generation of stutter products – the amplifiability of this locus is influenced by the quality of the DNA amplified as
target (W.M. Schmerer, diploma thesis, University of Go¨ttingen, 1996).
preservation states (Ref. 17). It can be used without pre-
vious knowledge of the degree of DNA degradation of the
material to be extracted. For further protocols optimized
for the extraction of a certain category of DNA degrada-
tion, see Ref. 17,19. Figures 1–3 show the amplification
results for three specimens extracted using the standard
protocol compared with the optimized protocol described
here.
2. Protocol:
1. First, 0.3 g bone powder is mixed with 1.5 ml 0.5 M
EDTA solution (pH 8.3) in a 2 ml reaction tube (Eppen-
dorf), vortexed virgously and incubated for 96 h in a
shaking waterbath [e.g. type 1083 (GFL)] at 20◦C and
constant shaking.
2. Residues of the bone powder are pelleted by centrifu-
gation at 6000 rpm for 5 min in a 5415 C bench top
centrifuge (Eppendorf). The following steps are carried
out on the supernatants (∼1.3 ml), which are trans-
ferred to an automated DNA extraction system [Gene
PureTM 341 A (Perkin Elmer)] or to a 15 ml tube [e.g.
BlueMaxTM (Falcon)].
3. The aqueous supernatants are mixed with 1.3–1.8 ml
sterile water [Ampuwa R© (Fresenius)] and incubated
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Fig. 2. Comparison of (a) standard and (b) optimized extracts from a heterozygous sample on the STR locus HUMTH01. The dropout of one allele (a,
lane 1) or the whole amplification (a, lane 2), which occurred during amplification of standard extracts (a) was overcome through the use of the optimized
protocol (b). Amplification products from these optimized extracts show an improved uniformity of both alleles (b, lane 1) compared with products
derived from standard extracts and a lower rate of allelic dropout. This indicates that there are more amplifiable templates present in the optimized than
the standard extracts (Ref. 8), resulting in an increased reproducibility of genotyping results. In addition, the improved success rates of amplifications
observed with the optimized extracts indicate an increased quantity of DNA targets, because amplifyability of this locus – as well as the occurrence of
allelic dropout – is influenced by the quantity of amplifiable DNA targets (W.M. Schmerer, dissertation thesis, University of Go¨ttingen, 1996).
with 380–650 µl proteinase-K solution (∼20 mg ml−1)
(Applied Biosystems) at 60◦C for 1.5 h.
4. 2.7–3.5 ml of 70% phenol:chloroform:water [24:25:1,
e.g. Rotipuran (Roth)] is added to the solution. The sus-
pension is constantly shaken for 6 min at room tem-
perature. Alternatively, phenol can be replaced by 2 ml
of a 5 M sodium perchlorate solution (Ref. 24).
5. When using phenol, phase separation is carried out at
60◦C for 8 min and the phenolous layer is removed.
When using sodium perchlorate, no phase separation
occurs; therefore, after incubation at 60◦C for 8 min,
proceed straight to step 6.
6. The aqueous phase is mixed with 4.0–5.3 ml 100%
chloroform (e.g. Perkin Elmer) and the resulting sus-
pension shaken for 6 min at room temperature.
7. Phase separation is again carried out at 60◦C for 8 min
and the chloroform phase removed.
8. DNA precipitation takes place in the presence of
64–120µl 2M sodium acetate buffer (pH 4.5, e.g. Perkin
Elmer) and 2.8–3.8 ml absolute isopropanol (Merck) at
room temperature. After mixing these components for
1 min, the pH of the solution should be determined
and, if necessary, adjusted to a maximum of 7.5 by fur-
ther addition of sodium acetate buffer. Subsequently,
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Fig. 3. Comparison of two standard (a) and two optimized (b) extracts from a homozygous sample on the STR locus HUMTH01. Amplification dropout,
which occurred during the amplification of standard extracts (a), could be overcome by the use of the optimized protocol (b). This resulted in significantly
higher amplification rates and hence proves the homozygosity of the sample by providing four homozygous amplification products, resulting in a much
lower probability of false-homozgous typing (p = 0.025) than the standard protocol (p = 0.22) (Ref. 11).
5 µl silica solution [GlasmilkTM (Dianova)] is added and
the mix shaken again for 10 min at room temperature.
Using a DNA extractor (Gene Pure 341 A), the mix is
removed by pressure and the DNA–silica complex col-
lected on a Teflon membrane. Alternatively, it can be
separated by centrifugation.
9. The DNA–silica complex is washed with 2.8–3.8 ml ab-
solute ethanol for 5min at room temperature. The alco-
hol is removed by renewed filtration or centrifugation.
10. Using an automated DNA extractor, the silica-bound
DNA is manually removed from the Teflon membrane
with 500 µl absolute ethanol and transferred to a 2 ml
reaction tube.
11. The DNA–silica complex is pelleted by centrifugation
for 2 min at 6000 rpm for 2 min and the ethanol is
discarded.
12. The pellet is air dried for approximately 30min at room
temperature, redissolved in 50 µl sterile water (Am-
puwa), thermally eluated at 50◦C for 5 min at constant
shaking [thermal shaker 5437 (Eppendorf)] and stored
at −20◦C for further processing.
13. The use of sodium perchlorate might result in an in-
hibition of DNA polymerase during the amplification
process and therefore requires a further cleaning of the
extracted DNA. For this purpose, the Wizard R© PCR
Preps purification system (Promega) can be used, fol-
lowing a modified protocol (Ref. 19,25). Such an addi-
tional cleaning step will cause a loss of DNA. How-
ever, the use of sodium perchlorate might be ben-
eficial if the bone meal or extract has a brownish
colour, which indicates the presence of co-extracted
polymerase-inhibiting substances like humic acids (Ref.
26). This is because an additional cleaning step would
always be necessary in this case and so the use of
sodium perchlorate instead of phenol (Ref. 24) would
not result in further loss of DNA.
References
1 Hummel, S. et al. (1995) Z. Morphol. Anthropol. 81, 41–65.
1 Herrmann, B. and Hummel, S. (1997) Genetic analysis of past popula-
tions by aDNA studies. In Advances in Research on DNA Polymorphisms
(IFFH Harkone Symposium Commitee, eds), 33–47.
3 Gill, P. et al. (1995) Nat. Genet. 9, 9–10.
4 Gerstenberger, J. et al. (1999) Eur. J. Hum. Genet. 7, 469–477.
5 Hauswirth, W.W. et al. (1994) Experientia 50, 585–591.
6 Bramanti, B. et al. (1997) Analisa genetica di populazioni storiche. Gli
Etruschi. Anthropologia Contemporanea, XII Congresso Ass. Antropol.
Italia, Palermo-Alia, Sept 1997.
7 Weber, J.L. and May, P.E. (1989) Am. J. Hum. Genet. 44, 388–396.
8 Kimpton, C. et al. (1994) Int. J. Leg. Med. 106, 302–311.
9 Lygo, J.E. et al. (1994) Int. J. Leg. Med. 107, 77–89.
10 Zierdt, H. et al. (1996) Hum. Biol. 68, 185–199.
11 Schmerer, W.M. et al. (1997) Anthropol. Anzeiger 55, 199–206.
12 Ivanov, P.L. and Isaenko, M.V. (1999) Identification of human de-
composed remains using the STR systems: effect on typing re-
sults. In Proceedings of the Second European Symposium on Hu-
man Identification 1998, Promega Corporation, Innsbruck, Austria .
(http://www.promega.com/geneticidproc/eusymp2proc/05.pdf).
13 Ramos, M.D. et al. (1995) Hum. Genet. 96, 205–212.
14 Schultes, T. et al. (1997) Ancient Biomolecules 1, 227–233.
15 Murray, V. et al. (1993) Nucleic Acids Res. 21, 2395–2398.
16 Lassen, C. et al. (1996) Ancient Biomolecules 1, 25–33.
44 www.sciencedirect.com
Technical Tips Technical Tips Online, Vol. 6, 2001
17 Schmerer, W.M. et al. (1999) Electrophoresis 20, 1712–1716.
18 Schmerer, W.M. et al. (2000) Anthropol. Anzeiger 58, 29–35.
19 Schmerer, W.M. (2000) Optimierung der STR-Genotypenanalyse an Extrak-
ten alter DNA aus bodengelagertem menschlichen Skelettmaterial, Cuvillier
Verlag: Go¨ttingen, Germany.
20 Kimpton, C. et al. (1992) Hum. Mol. Genet. 1, 287.
21 Polymeropoulos, M.H. et al. (1991) Nucleic Acids Res. 13, 3753.
22 Persson, P. (1992) Ancient DNA Newsl. 1, 25–27.
23 Manchester, K.L. (1996) BioTechniqes. 20, 968–970.
24 Johns, M.B. and Paulus-Thomas, J.E. (1989) Anal. Biochem. 180, 276–278.
25 Lassen, C. (1998) Molekulare Geschlechtsdetermination der Traufkinder des
Gra¨berfeldes Aegerten (Schweiz), Cuvillier Verlag:Go¨ttingen, Germany.
26 Cooper, A. (1992) Ancient DNA Newsl. 1, 31–33.
Products Used
0.2 ml MicroAmp 8-strip reaction tubes: 0.2
ml MicroAmp 8-strip reaction tubes from Eppendorf
Scientific Inc.
centrifuge: centrifuge from Eppendorf Scientific
Inc.
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